Human reproduction has many unique features [1] . One is menstruation, the shedding of decidua at the 33 end of an infertile cycle with accompanying loss of blood. Decidualization involves a change in the size, 34 shape and properties of the connective tissue cells of the endometrium (stromal fibroblasts) in preparation 35 for embryo implantation [2] . In most mammals, decidualization does not occur until there is an embryonic 36 signal. But in humans decidualization is triggered by a maternal signal in the second half of the menstrual 37 cycle. The decidua will be useful if there is a pregnancy, but otherwise is shed. 38
Menstruation is known to occur in haplorrhine primates (Old World monkeys and apes) and some 39 Neotropical primates. It has also been documented in phyllostomid and molossid bats [3] and the Cairo 40 spiny mouse (Acomys cahirhinus) [4] . However, the best-known example of menstruation in non-primates 41 concerns a distantly related order, the elephant shrews or sengis (Macroscelidea). In the 1940's, when 42 human menstruation was poorly understood, Professor C. J. van der Horst of the University of 43
Witwatersrand proposed using elephant shrews as a model. To this end, he published an impressive body 44 of research. In the meantime, a breeding colony of rhesus macaques (Macaca mulatta) had been 45 established at the Carnegie Institution of Washington [5] . It was used to give a detailed description of the 46 changes in the endometrium during the menstrual cycle and in pregnancy and to explore the physiological 47 basis for these events in primates [6, 7] . This was considered a better model for human reproduction and 48 work on menstruation in elephant shrews was not pursued after van der Horst's death. 49
In addition to describing reproduction in the Eastern rock elephant shrew (Elephantulus myurus), van der 50
Horst made significant observations on the early development and placentation of South African mammals. 51
His work was extended by scientists working on his extensive collection. These contributions are reviewed 52
mentor of the anthropologist Phillip V. Tobias and Nobel laureate Sydney Brenner (1927-80 present) [22] . Perhaps due to their exhaustive nature, there has been little follow up on these studies other 81 than a paper by Tripp [21] and separate studies of placentation. Only the salient features will be mentioned 82 here. 83
Ovulation and corpus luteum formation 84
E. myurus can carry one fetus in each horn of the uterus. Therefore it is remarkable that many more ova are 85 discharged from each ovary; van der Horst and Gillman suggested as many as 60 [ 
Implantation and decidua formation 92
Van der Horst and Gillman correlated changes in the uterus with the events of the oestrous cycle [26] and 93 early pregnancy [27] . Oestrus was characterized by extensive oedema involving the whole thickness of the 94 endometrium and by leucocyte invasion. Following ovulation, the oedema subsided and the leucocytes 95 disappeared. Instead there was proliferation of the endometrial stromal cells. There then appeared a site of 96 localized oedema in a small area on the mesometrial side of each horn. This sequence was common to early 97 pregnancy and infertile cycles. 98
Fertilized ova were found to enter the uterus at the one, two or four cell stage. The occurrence of a 99 vesicular blastula at the four-cell stage is unusual for eutherians, but has been reported in the streaked 100 tenrec (Hemicentetes spinosus), another afrotherian [28] .
One such blastula localized to the implantation site in each horn and only this developed past the four-cell 102 stage. A small thimble-like cavity then formed to accommodate the embryo. This was followed by changes 103 in the uterine epithelium, which started to degenerate, and in the stroma where generalized oedema was 104 followed by enlargement of the stromal cells to form decidual cells. There was dilatation of the 105 accompanying glands. Although the implantation site was predetermined, completion of the decidual 106 reaction required the presence and further development of the embryo. 107
Placentation 108
Within the implantation cavity, the embryo developed to a blastocyst, although it was first after 109 differentiation of the polar trophoblast that attachment began [29] . At first the syncytiotrophoblast 110 penetrated no further than the basement membrane of the uterine epithelium. By this time an amniotic 111 cavity had been formed and endoderm had lined the distended yolk sac ( Fig. 2A ). Subsequently, 112 trophoblast invaded the decidua and opened the maternal capillaries. However, uterine glands supplied the 113 embryo with histotrophe through the first half of pregnancy. Further stages in development of the 114 chorioallantoic placenta were described in detail by van der Horst [29] and will not be repeated here. The 115 definitive placenta was discoid, labyrinthine and haemochorial with a substantial spongy zone. A yolk sac 116 persisted to term though diminished in size after expansion of the allantois and exocoelom. 117
Initially, the walls of the implantation cavity formed a decidua parietalis, but this did not persist. Instead 118 outgrowths of the lateral wall formed an extensive "decidua pseudocapsularis" with prominent glands, 119 which separated the embryo and its membranes from the main uterine cavity (Fig. 2B) 
Another feature described by van der Horst was the appearance of giant cells with granulated cytoplasm 125 that formed a sheath around the maternal arteries and penetrated to their lumen. It was later shown for 126 the four-toed elephant shrew (P. tetradactylus) that the granules were PAS-positive and diastase-resistant, 127 consistent with glycoprotein [33] . It was suggested the giant cells might be analogous to the uterine natural 128 killer cells encountered in human and murine pregnancy [33] . 129
Decidual reaction and menstruation in infertile cycles 130
In infertile cycles the corpora lutea did not enlarge as they would in pregnancy. In the uterine horn, 131 however, there was site of localized oedema and proliferation of the endometrial stromal cells as well as 132 dilatation of the glands [26]. The stromal cells became enlarged and formed an outgrowth (a polyp) that 133 was visible as a local swelling at the mesometrial side of the horn (Fig. 4A ). This structure was unlike that of 134 normal pregnancy, where the endometrium formed a niche to accommodate the embryo. Most of the cells 135 within the polyp resembled the decidual cells of early pregnancy. The polyp was sloughed off in a process 136 that started with necrosis of the compact stroma and necks of the glands and extravasation of blood. 137
Finally, the epithelium ruptured and the polyp was shed with loss of blood ( Fig. 4B ). Regeneration of the 138 endometrium started immediately after menstruation. 139
This outline was difficult to reconstruct as there were variations in the cycle dependent on the age of the 140 animal, the breeding season and whether the cycle followed on a previous menstruation or a previous 141 pregnancy. Later, menstruation was shown to occur mainly at the end of the breeding season [34] . 142
Moreover, in young animals, polyp formation could occur without an overt decidual reaction [34] . 
Collection and legacy 209
In assessing van der Horst's legacy, one should not lose sight of his contributions as a marine biologist. This 210 is especially true of his work on hemichordates. There is resurgence of interest in this group because of 211 genomic evidence in support of a common ancestor for echinoderms, hemichordates and chordates [63] . (Table 1) . These were 273 remarkable achievements for a man who had attained pre-eminence through his research on corals, acorn 274 worms and fish. 275
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